. Kauss (9) showed that a glycolipid, which has been synthesized from GDP-D-mannose and an endogenous lipid acceptor by a particulate enzyme preparation obtained from mung bean shoots, exhibits a similar group transfer potential as in microorganisms (13) .
to polysaccharide produced only small amounts of what appeared to be polymeric material, which was not sufficient to identify the product. He thus concluded that "the problem in regard to the acceptor molecules for the mannosyl groups of the mannosyl lipid has, therefore, to await better methods for reconstitution of the complex membrane system."
Mung bean shoots incorporated mevalonic acid-5-3H into the lipid portion of the D-mannosyl-lipid (9) , suggesting that the lipid is an isoprenol. Also, recent work by Alam and Hemming (1) has demonstrated that exogenous betulaprenol can act as a D-mannosyl acceptor in mung bean preparations to produce a D-mannosyl-lipid which is chromatographically similar to that prepared from endogenous acceptor.
Chase experiments by Villemez and Clark (17) indicated that there was a turnover of a lipid material, formed from GDP-Dmannose and mung bean particles as source of enzyme; they therefore concluded that the glycosyl-lipid is a direct precursor of polysaccharide, presumably mannan. They state that other polysaccharides synthesized from UDP-D-galactose, UDP-glucuronic acid, and GDP-D-glucose can be synthesized from analogous glycosyl-lipid intermediates. However, turnover results do not constitute conclusive evidence that the glycosyllipid is a direct precursor to the polysaccharide.
Since the question regarding glycosyl-lipid formed from sugar nucleotides as a precursor to polysaccharides in plants is at present a moot question, an effort is being made in this report to throw some light on this problem.
Glycosyl-lipids have been established as intermediate com- pounds in the biosynthesis of polysaccharides (13, 14) , glycopeptides (2), and lipopolysaccharides (18, 20) (9, 17) in particulate enzyme preparations of P. aureus (mung bean). Kauss (9) showed that a glycolipid, which has been synthesized from GDP-D-mannose and an endogenous lipid acceptor by a particulate enzyme preparation obtained from mung bean shoots, exhibits a similar group transfer potential as in microorganisms (13 with digitonin. However, most of this radioactivity was lost when the particles at the origins were heated at 100 C in 0.01 N HCI for 90 min (Table I ). Paper chromatographic analysis of the hydrolysates showed that most of the lost radioactivity was D-mannose. Since the mild acid treatment was insufficient to hydrolyze appreciably the polysaccharide (19), the radioactivity lost from the origin appeared to come from D-mannosyllipid which was physically adsorbed on the particles. If this is the case, the higher immobile radioactivity observed in the presence of digitonin suggests that digitonin facilitates the adsorption process.
After the first mild hydrolysis, the particles at the origins were heated in 1 N HCl at 100 C for 20 min. The remaining radioactivity in them was completely removed by the treatment. Paper chromatographic analysis of the hydrolysates showed only the presence of D-mannose. Oligomers of D-mannose, which would have been expected if radioactive polysaccharide was present, were not observed.
In addition to the experiments reported in Table I , the D-mannosyl-lipid was incubated with particulate enzyme in the presence of unlabeled GDP-D-mannose and GDP-D-glucose. Several experiments were also conducted using digitonin-solubilized enzyme (10) . In all of these cases the synthesis of chromatographically immobile, radioactive product was negligible.
Attempts to Incorporate Particle-bound D-Mannosyl-Lipids. Particle-bound D-mannosyl-lipid was prepared from mung bean particles by centrifugation in a manner similar to that described by Anderson and co-workers (2) for isolation of particle-bound 2-acetamido-2-deoxy-D-glucosyl-acetylmuramyl(-pentapeptide).-diphospholipid in Staphylococcus aureus. It was found that one centrifugation of the particles removed essentially all GDP-Dmannose-'4C, and identical results were obtained from experiments with twice-centrifuged particles. In order to minimize degradation of the particulate enzyme, the particles were, therefore, centrifuged only once and resuspended in buffer. The compositions of particles recovered by this treatment are illustrated in Figures 1 and 2 FIG. 2. Paper chromatograms of particle-bound D-mannosyllipids before and after incubation. The particles were prepared as described in "Materials and Methods;" 100 Ml of the suspended particles were quenched with 50 Mul acetic acid, and another 100 MAI were incubated for 1 hr at 25 C as described in Table II 
Lipids from Munig Bean Preparations Before aiid After
Incubation with Sugar Nucleotides The particle-bound lipid was prepared as described in "Materials and Methods;" lOO,ul was quenched with SO,ul of acetic acid. Another 100 Ml was incubated for 1 (6) .
In an attempt to avoid these difficulties, the reaction of endogenous particle-bound D-mannosyl-lipids in the absence of GDP-D-mannose-'4C was examined. Rather than forming polysaccharide, however, the lipids were hydrolyzed slowly to D-mannose. It has been speculated that the D-mannosyl-lipid, instead of being a direct intermediate in mannan formation, might be the precursor of a series of glycosyl-lipid intermediates in a glucomannan synthesis. True mannans are rare in land plants (3), but glucomannan is formed in mung bean extracts from GDP-D-mannose and GDP-D-glucose substrates (7, 8) . Kinetic (2, 14, 20) . When the particle-bound lipids were incubated with GDP-D-glucose-'2C and GDP-D-mannose-'2C, no additional radioactive polymer was produced. Like 
